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UDRI LIGHT GAS GUN TEST DATA SUMMARIES
FOREWORD
The Hypervelocity Light Gas gun testing was performed under contract
NAS8-38856 from NASA Marshall Space Flight Center (MSFC). These tests were
performed at the University of Dayton Research Institute (UDRI) under
subcontract from Lockheed Martin Manned Space Systems. The UDRI
Program Manager was Mr. Andrew Piekutowski. Specimens, glossy
photographs, and test records were sent directly to the NASA/MSFC Technical
Representative. Copies of the photographs and test records are included here as
part of the contract final report.
The study contract (NAS8-38856) title was "Structural Damage Prediction
and Analysis for Hypervelocity Impacts." The Technical Representatives were
Dr. Joel Williamsen, Mr. Greg Olsen, and Ms. Jennifer Robinson. The testing
was performed between October, 1990 and September, 1995.

RESULTS OF TESTS WITH HEX BUMPER
The HEX bumper was originally developed for use with the Defensive Shields Demonstration
(DSD) Program. The University of Dayton Research Institute was a subcontractor to the
Martin Marietta Astronautics Group in Denver Colorado at the time the HEX bumper was
designed for use on the DSD Program. The design originated at the University andwas
essentially made available to interested parties. All HEX bumpers used in the DSD Program
were fabricated at the University by rolling sheet stock through a special set of rollers.
Two pieces of 3003-H14 aluminum sheet were rolled to produce the bumpers evaluated in
Shots 4-1302 and 4-1304. A brief summary of the results of these tests is given in below.
Contact prints of the multiple-exposure, orthogonal view radiographs of the debris clouds
produced by the tests are attached. A sketch of the HEX bumper design is also attached.
TEST DESCRIPTION AND RESULTS
Shot 4-1302
Projectile:
Impact Velocity:
Target:
X-Ray Times:
9.53-ram-diameter, 2017-T4 aluminum sphere. Mass = 1.2754 g
6.68 knds
3003-H14 Aluminum HEX, Equivalent thickness of a flat sheet =
0.0455 inches. The bumper sheet was installed at a 45 degree angle to
the shot line for the test. A 3.18-ram-thick, 5456-H116 aluminum
witness plate was placed 14.75 inches behind and parallel to the bumper
sheet.
Approx. 1.5 Bs before impact and 8.9, 24.8, and 47.4 ]is after impact
Shot 4-1304
Projectile:
Impact Velocity:
Target:
X-Ray Times:
9.53-mm-diameter, 2017-T4 aluminum sphere. Mass = 1.2751 g
6.78 km/s
3003-H14 Aluminum HEX, Equivalent thickness of a fiat sheet =
0.0455 inches. The bumper sheet was installed normal to the shot line
for the test. A 3.18-ram-thick, 2219-T87 aluminum witness plate was
placed 14.50 inches behind and parallel to the bumper sheet.
Approx. 2.0 Bs before impact and 8.4, 24.2, and 46.9 laS a_tier impact
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Holsapple (1993) has investigatedbothsta,¢ and dynamicvaluesof _e e_,gy requiredfee _ tomelt. melt.
heat _ melt to vaporization,and vaporizationfor cadmiumand aluminum. His results based on CTH
compotati_ forthe ulum_ mot of thesee_gy rat_, Le.o _Hi._IHi.ca.istypically3.L+0.1. A value of
3.1 is adored be_. As a consequence, an experiment with cadmium at7 km/$ produces the same scaled
vek_ity as an impact on an aluminum shieldat about 22 lmVs.
.L __0, _=a._, ___
CADMIUM SIMULATIONS OF ORBITAL DEBRIS SHIELD
PERFORMANCE TO IS KM/S.
P.OBE_T M. S_, KJEVIN P.. HOUS_.
limit _ & St_ ORmp, Ma r/-,m,$_mt_,WA 9tt_4
I_ ,pe _-_s- _lCq_
HYPI[RV_I.OCITY /MPA_ r" EXPERIMENTS
IN SURROGATI_ MATERIALS
IL A. 140_AEN_
Aemmmlm m _ PS.IO. Uai_t_ _ W_l_a, ,f_mt. WA _1195;
_ _ Derma ml _e O_e_, Sem_ WA
The scaling determinedby that comparison of
the reference points and the points "E";as weal as certain other significant points can be determined by a
compmson of the ratios of the internal anergy (velocity scale squared) and the mass densities at those key
points on these figures. An exact match of scaledproperties would give a single velocity and mass
density scale for all poinu considered. The actual scale factors based on a number of those points is
shown in the Table 2 for the im#ied velocity stoles, ar_din Table 3 for the implied mass d_sity
The static properties are those found in handbooks for properties at one atmosphere _essure in quasi-
static prtxesses. The dynamic propertiesare determinedby the Hugoniot curve, which governs the shock
propagation in the material.
Table 2. Ratios of Energy Properties for Aluminum, Cadmium and Zinc, and the Resulting Velocity
Scale Factors. (Energies are _a/pn, soundspeedinkm/sec.)
Alum Cad Zinc Ratio Vel. Ratio Vel.
AI/Cd Ratio AI/Zn Ratio
STATIC PROPERTIES
Energy to Begin Melt 6.40E-tO9 7.10E+08 1.60E+09 9.0 3.0 4.0 2.0
Heat of Fa,_on 4.00E+09 5.50E+08 1.]3E+09 7.3 2.7 3.5 1.9
Energy to Begin Vaporization 1.06E+I0 1.92E+09 439E+09 5.5 2,3 2.3 1.5
Vapor Energy 1.19E+ll 1.00E+I0 2.00E+10 11.9 3.4 6.0 2.4
Reference Sound Speed 5.3 2.48 3.03 2.13 1.75
DYI_qAMICPROPERTIES
Energy for Some Melt on 3.90E+10
Unloading (Point A)
Energy for Complete Melt on 6.20E+10
Ouloading (Point B)
Energy to Begin Melt at 1.34E+I I
Shock(PointC)
EnergytoVaporizeSome on 1.42E+ll
Unloading (Point D)
Energy to Completely Melt at 1.52E+11
Shock (point E)
3.90E-tO9 9.60E+09 I0.0 3.2 4.1 2.0
7.00E+09 1.52E+10 8.9 3.0 4.1 2.0
1.30E+I0 1.24E+10 10.3 3.2 10.8 3.3
1.20E+I0 2.41E+10 11.8 3.4 5.9 2.4
1.50E+I0 1.61E+10 10.1 3.2 9.4 3.1
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Table 3. Ratios of Mass Density Properties for Aluminum. Cadmium and Zinc.
Alum Ca_ Zinc RatioAl/ Ratio
CA AI/Zn
STATIC PROPERTIES
Initial Mass Density 2.70 8.648 7.13 3.20 2.64
Mass density at Melt Beginning 2.57 8.42 6.84 3.28 2.66
Mass Density at Complete Melt 2.38 8.02 6.60 3.37 2.77
Mass Density at Vaporization Beginning 2.15 7.73 6.24 3.59 2.90
DYNAMIC PROPERTIES -- "
Mass Density at Hugoniot Point A 3.87 11.12 9.49 2.87 2.45
Mass Density at Hugoniot Point B 4.12 11.79 9.98 2.86 2.42
Mass Density at Hugoniot Point C 4.61 12.64 9.74 2.74 2.11
Mass Density at Hugoniot Point D 4.65 12.39 10.52 2.67 2.26
Mass Density at Hugoniot Point E 4.69 12.82 10.04 2.74 2.14
With regard to the internal energy and the implied velocity scales in Table 2, it is seen that all energy
ratios are much more consistent for the dynamic properties than for the purely static properties.
Furthermore, they are all quite different than the simple reference.value sound speeds. Insofar as that
sound speed value is determined by the initial slope of an isenl_Ve at the reference conditions, it is not
particularly indicative of the global beM_or. Thus, it is probably not the best measare to deumaine the
effective velocity scaling. All dynamic energy scales give effective velocity scales of about 1:3.1 for
cadmium, withvariationswithinI0%.There ismuch more spreadforzinc,centeringaroundaboutI".2.5.
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